How to cite this article: Chok KSH. Surgical strategy for huge and advanced hepatocellular carcinoma in Hong Kong. Hepatoma Res 2017;3:189-95. In Hong Kong, surgical resection is the core curative treatment for huge and advanced hepatocellular carcinoma (HCC). For tumors measuring 10 cm or above, major hepatectomy is usually required, but a future liver remnant not large enough will preclude the operation. Hypertrophy of future liver remnant is a way to render more patients operable, and measures include portal vein embolization and associating liver partition and portal vein ligation for staged hepatectomy. For HCC that has invaded a major vessel, en bloc resection with immediate vessel reconstruction is necessary if thrombectomy would not suffice. In case of bilobar involvement, radiofrequency ablation is a useful adjuctive therapy. In the treatment of extrahepatic metastasis, metastasectomy offers a cure to properly selected patients.
INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common cancer and is the most common primary liver malignancy worldwide.
[1] Like hepatitis B, it is most prevalent in Asia; at the same time, most cases of HCC on the continent are related to hepatitis B, and Hong Kong is no exception.
[2] Diagnoses of HCC are mostly made at a late stage as regular screening for the disease is uncommon, and the disease often develops in a multifocal manner and infiltrates into major vessels. As such, surgical resection is a common curative treatment. Fan et al. [3] reported 5-year survival rates of 73% and 81% achieved by partial hepatectomy and living donor liver transplantation respectively in patients within the Milan criteria.
In the case of huge and advanced HCC, treatment is more limited. Only transarterial chemoembolization (TACE) and systemic therapy are recommended in Western countries, [4] [5] [6] [7] but more aggressive management is adopted in Hong Kong. A newly developed Hong Kong liver cancer (HKLC) staging is now in use. In the study by Yau et al., [8] surgery had a significant survival benefit over TACE in treating HKLC-2 HCC, with a 5-year survival of 49% vs. 0% (P < 0.001); on the other hand, TACE had a significant survival benefit over systemic therapy in treating HKLC-3 HCC, with a 3-year survival of 10% vs. 2% (P < 0.001). If the patients are young, fit and properly selected, aggressive resection may still be beneficial despite large or multiple nodules or intrahepatic venous invasion.
[8]
Disease treatment should be individualized. In general, surgical resection is the core curative treatment for huge and advanced HCC in Hong Kong.
HCCS OF 10 CM OR BIGGER
Hepatectomy is the first-line HCC treatment for tumor clearance and a cure for patients with preserved liver function.
[3,9,10] For HCCs ≥ 10 cm, major hepatectomy is usually needed. Measures to ensure safe major hepatectomy with acceptable complication and perioperative mortality rates include careful patient selection (patients should be fit for surgery and with preserved liver function), [9, 11] adoption of the anterior approach to avoid mobilization and rupture of large tumors, [12] close liaison with the anaesthesiologist to ensure a low central venous pressure in order to reduce blood loss, [13] and use of surgical instruments (such as Cavitron Ultrasonic Surgical Aspirator).
[9,14-16] Major hepatectomy may not be possible for patients who have marginal liver function or a relatively small future liver remnant (FLR). At our center, we use Indocynaine green (ICG) clearance test to assess preoperative liver function.
[17] For consideration for major hepatectomy, an ICG retention rate ≤ 14% at 15 min is required. Besides ICG test result, other factors are also taken into account. A low platelet count, poor renal function test results and the presence of significant morbidity can mean a risky major hepatectomy. An adequate FLR with preservation or reconstruction of major hepatic veins and meticulous surgical skills to avoid massive bleeding and vascular insult to the liver are essential to a successful major hepatectomy.
[18] FLR is assessed by calculation of the liver volume measured by tracing the liver contour on the cross sectional image on computed tomographic volumetry, and the University of Hong Kong formula is used at our center. [19, 20] A patient's estimated standard liver volume (ESLV) can be derived from the patient's weight, height, and body surface area. [20, 21] Patients with liver cirrhosis and relatively poor liver function need a bigger FLR.
[ [22] [23] [24] [25] At our center, we use a ratio of FLR/ESLV of > 35% for major hepatectomy for patients who have Child-Pugh A cirrhosis and an ICG retention rate ≤ 14% at 15 min.
[26] Liver cirrhosis and inadequate FLR are risk factors for postoperative liver failure. 
METHODS TO INCREASE FLR
In order to increase the chance and safety of major hepatectomy for HCC patients, preoperative portal vein embolization has been used to increase FLR. The idea of portal vein embolization is to embolize (in an open or percutaneous manner) the portal vein ipsilateral to the liver lobe harboring the tumor, so as to induce hypertrophy of the FLR. [28, 29] However, it usually takes at least four weeks for the FLR to hypertrophy enough.
[29] During the time, disease progression may occur. If there is tumor invasion of a major vessel (e.g. the ipsilateral portal vein), the disease can progress in terms of weeks. If contralateral propagation and metastasis develop, the tumor will be inoperable.
[ [30] [31] [32] And sometimes hypertrophy does not occur as anticipated.
Associating liver partition and portal vein ligation for staged hepatectomy (ALPPS) is a relatively new method of increasing FLR and is gaining popularity.
It features two open operations. In the first operation, liver partition and portal vein ligation are performed to induce hypertrophy of the FLR while no resection is done. When the FLR has hypertrophied enough, the second operation is conducted for tumor resection. ALPPS is particularly useful if there is ipsilateral portal vein tumor thrombosis (PVTT) because the first operation also prevents further propagation of the thrombus into the main and contralateral portal veins. ALPPS was initially applied to relatively normal liver, such as that in the case of colorectal liver metastasis.
[33-36] Subsequently its application was extended to steatotic liver and cirrhotic liver. With ALPPS, the increase of FLR between the two operations can be as high as 70%, [40] and it usually takes only one week to achieve enough hypertrophy. ALPPS outperforms conventional portal vein embolization when it comes to time and extent of hypertrophy. [41, 42] As the interval between the two operations is not long, adhesion formation resulting from the first operation is relatively immature when the second operation takes place, thereby allowing continuation of dissection and resection of the liver with ease.
However, there is no guarantee that adequate hypertrophy always occur, and liver failure might result from the portal vein ligation. The Pringle maneuver is not advisable as it poses further risk of liver injury. Our center has simplified the ALPPS procedure by using an anterior approach to allow liver transection without mobilization of the right lobe, and as such the amount of adhesion is decreased, thereby streamlining the second operation.
[39] The hilar plate and the right hepatic duct are left untouched in the first operation to minimize the chance of bile leakage, a complication that might lead to biloma, infection and sepsis and thus prohibit the second operation. ALPPS is a technically demanding and challenging procedure that should not be performed by inexperienced surgeons.
ALPPS should be offered with curative intent when a large tumor load is encountered and a marginal FLR is anticipated.
[41] Major vascular invasion, such as portal vein involvement, does not preclude its application.
[35]
Many patients who would otherwise be unsuitable for major hepatectomy are rendered eligible by ALPPS; the operation rate is thus raised. Nonetheless, the procedure entails higher rates of surgical complication and mortality when compared with conventional major hepatectomy. The reported perioperative mortality rates range from 12% to 28%
[40,41,43,44] and the complication rate can be as high as 50%.
[43,45]
Liver insufficiency (e.g. ascites, persisting cholestasis, sepsis), bile leakage, septic complications and failure to proceed to the second operation have been reported. The long-term outcomes of ALPPS are still pending. Since 2014, 21 patients have undergone ALPPS with curative intent at our center (unpublished data). All of them had R0 resection. No hospital mortality occurred. Three (14%) patients developed major complications. The overall survival was 89% and the disease-free survival was 58% at one year. With time goes by, more data will be available.
INVASION OF THE MAJOR PORTAL VEIN, HEPATIC VEINS, OR THE INFERIOR VENA CAVA
In the case of ipsilateral PVTT, the thrombus is confined to the liver lobe harboring the HCC and is usually resected when hepatectomy is conducted to remove the HCC. For the management of PVTT extending to the portal vein bifurcation or farther to the main or contralateral portal vein, different approaches have been advocated. It is believed that en bloc resection (resection of tumor together with all affected parts of the portal vein) can achieve good oncological outcomes with residual microscopic foci removed. Nonetheless, this is a challenging approach since subsequent portal vein reconstruction is required. On the other hand, it has been documented that thrombectomy can yield similar survival outcomes with lower operative mortality and morbidity. In a previous study trying to address the controversy about en bloc resection versus thrombectomy, we compared 3 groups of patients: group 1 (n = 71), with ipsilateral PVTT resected in a hepatectomy; group 2 (n = 10), with PVTT extending to or beyond the bifurcation, treated by en bloc resection with portal vein reconstruction; group 3 (n = 7), with PVTT extending to or beyond the bifurcation, treated by thrombectomy.
[48]
The median survival duration was 10.9 months in group 1, 9.4 months in group 2, and 8.6 months in group 3. No significant differences were found in terms of hospital mortality and morbidity between en bloc resection and thrombectomy. The practice of living donor liver transplantation at our center certainly had contributed to the low morbidity after portal vein resection.
[49] The 1-, 3-and 5-year survival rates were 50%, 13% and 13% respectively in group 2, and 29%, 14% and 14% respectively in group 3. The two approaches again showed no significant differences in terms of overall survival and disease-free survival, and patients with ipsilateral PVTT also had similar survival to patients with PVTT extending to or beyond the bifurcation. These survival outcomes are superior when compared with a median of 2.7 months of survival of patients with PVTT not treated.
[1]
Patients with advanced PVTT may not be suitable for resection due to underlying medical conditions and main portal vein involvement, and non-surgical treatment is their chance. The combination therapy using sorafenib and TACE appears to provide a survival benefit for patients with PVTT and adequate liver function. This benefit seems to be more pronounced in patients whose first-order or more distal branches of the portal vein are involved [50] than in patients with main portal vein involvement.
[51] Head-to-head comparison between surgical and non-surgical treatments is warranted.
One point to note is that patients may have falsely elevated preoperative ICG retention rates due to PVTT. Exploration should be offered to patients who fail their ICG test but otherwise show normal liver function. With accumulation of expericence from living donor liver transplantation, resection of major vessels such as portal and hepatic veins should yield satisfactory results.
If the tumor thrombus in the inferior vena cava (IVC) or hepatic vein is non-adhering, thrombectomy should suffice [ Figure 1 ]. Sometimes IVC resection with immediate reconstruction should be considered, especially for young patients. Some technical issues need to be considered when IVC resection with immediate reconstruction is required. First, if the lesion is above the hepatic vein confluence, total vascular exclusion with the Pringle maneuver and re-implantation of the hepatic veins are necessary. Second, it is the lesion's relation to the lower level of the IVC resection (i.e. the renal vein level). In fact, the chance of renal vein invasion is very low. If there is invasion of a single renal vein, its resection without reconstruction will not affect normal kidney function. Third, it is the choice of reconstruction conduit. Choices include cadaveric vein graft, autologous vein graft (e.g. renal vein, internal jugular vein) and synthetic graft (e.g. ringed Gore-Tex). At our center, we prefer cadaveric vein graft for it is less rigid and therefore anastomosis will be easier. Nonetheless, its use is limited by availability, blood group compatibility, and length. Length is dictated by donor body size. Usually bench-table work can be done to lengthen a cadaveric IVC graft by incorporating donor bilateral iliac veins. To avoid creating an additional surgical wound, we prefer not to use autologous vein graft. So, if cadaveric vein graft is not available, a ringed Gore-Tex graft is used [ Figure 2 ].
If the tumor thrombus extends above the diaphragm, a cardiopulmonary bypass by cardiac surgeon may be necessary for its complete removal. However, before considering this high-risk procedure, aggressive workup must be done to rule out other extrahepatic spread of disease, and the treatment approach should be thoroughly discussed with the patient.
BILOBAR INVOLVEMENT
For selected patients with bilobar HCC, the combination of resection and radiofrequency ablation can offer a cure. Cheung et al.
[52] compared 19 patients having such a combination of treatments with 54 patients having resection only. Fourteen (74%) patients in the combination group and 3 (6%) patients in the resection group had bilobar involvement (P = 0.04). Major resection was performed in 6 (32%) patients in the combination group and 35 (65%) patients in the resection group, whereas minor resection was performed in 13 (68%) and 19 (35%) patients in the combination group and resection group respectively (P = 0.012). The combination group had less blood loss (400 vs. 657 mL, P = 0.007), shorter operation (270 vs. 400 min, P = 0.001), and shorter hospital stay (7 vs. 8.5 days, P = 0.042). The two groups were comparable in hospital mortality (5% vs. 6%, P = 1), surgical complication (16% vs. 32%, P = 0.24), disease recurrence (63% vs. 50%, P = 0.673), and overall survival (53 vs. 44.5 months, P = 0.496). Thorough intraoperative assessment backed by a sound understanding of the liver anatomy helps to maximize the chance of cure for patients with bilobar HCC. 
DOWNSTAGING
Both TACE and radioembolization are safe and effective in highly selected patients. Radioembolization may confer a survival benefit over sorafenib on advancedstage patients. Radioembolization is preferable to TACE for advanced-stage patients, especially those with macrovascular invasion, since TACE might induce liver failure.
[53] However, the effectiveness of downstaging is not conclusive, as most of the cases reported were limited by poor underlying liver function.
EXTRAHEPATIC METASTASIS
Lung is the most common site for extrahepatic metastasis of HCC.
[54] A previous study by our center reported that metastasectomy conferred a survival benefit on HCC patients who developed lung metastasis after hepatectomy.
[55] Overall survival was compared in patients with resectable and unresectable lung metastases and in two periods (Era 1: 1989-1995, Era 2: 1996-2010). The median survival duration of patients with resectable and unresectable disease was 40.4 and 7.5 months respectively (P < 0.0001). In Era 1, the median survival duration of patients with resectable and unresectable disease was 43.2 and 5.6 months respectively (P < 0.0001). The corresponding figures in Era 2 were 32.9 and 8.4 months (P < 0.0001). Survival of patients with resectable disease did not differ significantly in the two periods but there was a significant improvement in survival of patients with unresectable disease in Era 2. Their 1-, 3-and 5-year survival rates in Era 1 vs. Era 2 were 11% vs. 38%, 6% vs. 9%, and 3% vs. 4%, respectively (P = 0.041). The corresponding figures in their counterparts were 90% vs. 86%, 80% vs. 46%, and 40% vs. 30%, respectively (P = 0.443). Whenever possible, metastasectomy for pulmonary metastases of HCC should be offered to medically fit patients.
CONCLUSION
Although huge and advanced HCC is deadly, surgical treatment in properly selected patients is still feasible with acceptable risks. In recent years, there are revolutional changes in surgical techniques together with new strategies to enhance the resectability of this fatal disease. Ways to increase FLR and improvements in surgical techniques allow more patients to benefit from surgical resection even in the presence of cirrhosis and major vascular invasion. Adjunctive use of radiofrequency ablation for bilobar involvement and selective use of metastasectomy for extrahepatic metastasis have been shown to be effective. Optimal treatment modalities are still evolving. ALPPS will continue to be developed and more long-term results will be available in the near future.
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